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SEMICONDUCTOR LIGHT EMITTING
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor light
emitting device and more specifically relates to a semicon-
ductor light emitting device capable of controlling optical
output with high accuracy by monitoring the optical output.

2. Description of the Related Art

As light sources for optical communication, semiconduc-
tor light emitting devices having stable output characteristics
within a wide temperature range have been required. In gen-
eral, semiconductor lasers (laser diode LLD) are used, and a
LD 1s provided with an alignment mechanism for optical
output so that optical output 1s little atfected by temperature
variations and other disturbances.

For example, a semiconductor light emitting device using
the following alignment mechanism has been proposed. Front
optical output of a LD 1s output to the optical fiber side, and
rear optical output 1s received by a photodiode (PD) used as a
light rece1ving element which functions as a monitor. In addi-
tion, a monitor current 1s generated according to the quantity
ol light recerved by the PD to adjust a LD driving current and
control LD output (Japanese Unexamined Patent Application

Publication No. 10-74972).

In another alignment mechanism, the epitaxial layer side
surface of a PD used as a light receiving element 1s coated
with a reflection film (HR film: High Reflection) having a
predetermined reflection to apply optical outputofa LD to the
reflection film of the PD so that part of light 1s transmaitted and
output as monitor light to optical fibers, and most of light 1s
reflected light and output as optical output to optical fibers
(Japanese Unexamined Patent Application Publication No.
8-116127).

However, 1n the alignment mechanism using the rear opti-
cal output for monitoring, 1t 1s necessary to control the tem-
perature dependence of the front optical output/rear optical
output ratio, but control of the temperature dependence 1s
difficult. Namely, when all the relations given below can be
controlled, an alignment mechanism can be realized, 1n which
the reflectance on the surface of a PD 1s changed according to
a wavelength shift on the basis of the relation between the LD
temperature and the wavelength shiit.

(1) The relation between the LD temperature and the front
optical output/rear optical output ratio.

(2) The relation between the LD temperature and the wave-

length shatt

(3) The relation between the wavelength and the retlec-
tance of a reflection film

(4) The relation between the structure of a reflection film
and reflectance

For example, in any case in which the wavelength of a LD 1s
intentionally changed, the above relations cannot be con-
trolled. Since 1t 1s necessary to strictly control all i1tems
including the film thickness of the reflection film, the produc-
tion cost 1s increased. In brief, from a practical viewpoint, the
complete control of the temperature dependence cannot be
casily realized.

In addition, in the alignment mechanism 1n which part of
light 1s transmitted and used for monitoring and most of light
1s reflected and used as output using the reflection film, a
p-type portion electrode and wiring to an electrode pad are
disposed near the center of the PD provided below the retlec-
tion film, and thus unevenness or a step shape of the wiring 1s
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reflected in the reflection film. Therefore, the reflectance and
reflection direction of the reflection film are changed at a step
portion, and thus output light 1s not output to the optical fiber
side from this portion. As a result, even when light emitted
from a LD has a normal intensity distribution (positional
distribution of intensity), the intensity distribution of
reflected light 1s greatly disturbed, thereby increasing noise
and causing difficulty 1n using as an optical signal.

As a countermeasure for avoiding the disturbance 1n the
intensity distribution of reflected light, a light recerving sur-
face may be sulliciently widened for the spread of LD emutted
light. However, this has the following problem: A p-type
region 1s formed by Zn doping but has a limited doping
amount and rate of electrical activation. And because of a
relatively small thickness, when a current spreads 1n a trans-
verse direction, the electric resistance 1s significantly
increased. Thus, the driving voltage must be increased, and
the frequency response characteristic 1s degraded due to the
excessively high capacity. When the thickness of an epitaxial
f1lm of a p-type region 1s increased for decreasing the driving
voltage, the cost of formation of the epitaxial film 1s
increased. For example, when a fine mesh p-type electrode 1s
provided for decreasing the electric resistance of a p-type
region, a capacity due to the mesh electrode 1s excessively
increased to degrade the frequency response characteristic. In
addition, the fine unevenness of the mesh electrode inhibits
normal reflection, thereby causing ditficulty 1n using retlected
light as an optical signal.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide a semiconductor light emitting device capable of
casily realizing stable output characteristics 1n a wide tem-
perature range.

In accordance with an embodiment of the present inven-
tion, a semiconductor light emitting device includes a semi-
conductor laser element emitting a laser beam, and a semi-
conductor photodiode including a first conductivity type
semiconductor layer disposed on a first surface of a first
conductivity type semiconductor substrate, a first conductiv-
ity type absorption layer disposed on the first conductivity
type semiconductor layer to recerve the laser beam, a cap
layer disposed on the absorption layer, a second conductivity
type region formed 1n the cap layer and the absorption layer,
a second electrode 1n ohmic contact with the second conduc-
tivity type region formed in the cap layer, a transmissive
reflection unit disposed on a second surface opposite to the
first surface, and a first electrode in ohmic contact with the
semiconductor substrate. In an arrangement in which the
semiconductor photodiode 1s mounted with the epitaxial
layer side down, and the transmissive reflection unit 1s 1rra-
diated with the laser beam emitted from the semiconductor
laser element, light reflected by the transmissive reflection
unit 1s used as output light, and light transmitted through the
transmissive reflection unit 1s received by the semiconductor
photodiode and used for controlling the output of the semi-
conductor laser element. In this case, the first electrode can be
provided 1n ohmic contact with either of the back side (second
surface) and the first surface of the semiconductor substrate.

In accordance with another embodiment of the present
invention, a semiconductor light emitting device includes a
semiconductor laser element emitting a laser beam, and a
semiconductor photodiode including a first conductivity type
semiconductor layer disposed on a first surface of a first
conductivity type semiconductor substrate, a first conductiv-
ity type absorption layer disposed on the first conductivity
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type semiconductor layer to receive the laser beam, a cap
layer disposed on the absorption layer, a second conductivity
type region formed 1n the cap layer and the absorption layer,
a second electrode 1n ohmic contact with the second conduc-
tivity type region formed in the cap layer, a first electrode in
ohmic contact with the first conductivity type semiconductor
layer, and a transmissive retlection unit disposed on a second
surface opposite to the first surface. In an arrangement 1n
which the semiconductor photodiode 1s mounted with the
epitaxial layer side down, and the transmaissive retlection unit
1s 1irradiated with the laser beam emitted from the semicon-
ductor laser element, light reflected by the transmissive
reflection unit 1s used as output light, and light transmitted
through the transmissive reflection umt 1s received by the
semiconductor photodiode and used for controlling the out-
put of the semiconductor laser element. In this case, the first
clectrode 1s formed 1n ohmic contact with a region 1n which
the absorption layer 1s not formed on the first conductivity
type semiconductor layer. The absorption layer 1s formed on
the first conductivity type semiconductor layer avoiding a
region for forming the first electrode.

In the above-mentioned two types of semiconductor light
emitting devices of the present invention, the transmissive
reflection umit means a unit which reflects almost light, not
100%, and transmits remaining light, and includes a HR film,
any one of various gratings, a polarization splitter, a uniform
micro hole distributed reflective film, or the like.

In the above-mentioned two types of semiconductor light
emitting devices of the present invention, a laser beam emit-
ted from one of the end faces of LD 1s mostly reflected by the
transmissive reflection unit formed on the flat back surface of
the semiconductor substrate of the PD and output to optical
fibers, and the transmitted remaining light 1s recerved by the
PD and converted to an electric signal, 1.¢., a monitor current.
A transmissive retlection unit of a type which 1s difficult to
dispose because of the unevenness of a substrate surface can
be used 1n the above-described constitution. As a result,
reflected light 1s not disturbed by the unevenness of the sub-
strate surface on which the transmissive reflection unit 1s
disposed. Further, by using a transmissive reflection unit
which 1s conventionally difficult to use, light with an intensity
distribution substantially similar to the intensity distribution
(distribution on an 1rradiated surface) of the semiconductor
laser element or a smooth intensity distribution which 1s not
similar thereto but has no disturbance 1n a beam section can be
output to optical fibers. It 1s also possible to avoid deteriora-
tion 1n control accuracy due to a change in the front optical
output/rear optical output characteristic with the LD tempera-
ture. As aresult, 1t 1s possible to provide a semiconductor light
emitting device capable of controlling optical output with
high accuracy without the influence of a temperature change
and outputting light having an intensity distribution without
disturbance and noise.

In accordance with a further embodiment of the invention,
the semiconductor photodiode of each of the above-described
semiconductor light emitting devices 1s tlip-chip mounted. In
this case, 1n order to permitting flip-chip mounting, the semi-
conductor photodiode 1s a horizontal type photodiode. In this
constitution, an electrode 1s disposed on the epitaxial layer
side surface, not on the back surface of the semiconductor
substrate, and thus the entire back surface of the semiconduc-
tor substrate 1s a flat surface, thereby permitting the entire flat
back surface of the semiconductor substrate to be used as a
substrate surface for the transmissive reflection unit. There-
fore, 1t 1s possible to relax the positioning accuracy of the
transmissive reflection unit on the PD and the positioning,

accuracy of the PD and the LD.
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As the transmissive reflection unit, a transmissive reflec-
tion film having a reflectance of 50% to 90% for light at a
wavelength of 1000 nm to 1700 nm can be used. In this case,
when a transmissive reflection film with excellent usability,
for example, a HR film, 1s used, 1t 1s possible to realize a light
emitting device for communication 1in a wavelength range of
1000 nm to 1700 nm, which has the above-described advan-
tages.

Furthermore, an InP substrate can be used as the semicon-
ductor substrate, and an InGaAs layer or InGaAsP can be
used as the absorption layer. In this case, a light emitting
device for communication in a wavelength range of 1000 nm
to 1700 nm can be realized, 1n which output control with high
stability for a temperature change can be realized, and a
driving voltage 1s not increased.

The transmissive reflection unit can be formed using a
multilayer film including a silicon film and a silicon oxide
film or an alumina multilayer film. In this case, the required
reflectance can be securely obtained using a proven existing
material supply system. Furthermore, the transmissive reflec-
tion film can be formed using a dielectric multilayer film. In
this case, the retlectance can be easily controlled according to
wavelength.

The first electrode and an electrode pad thereof can be
provided in a region not irradiated with the laser beam. Since
the first electrode 1s provided on the back surface (second
surface) of the semiconductor substrate, the semiconductor
photodiode of the semiconductor light emitting device 1s a
vertical type photodiode. In this case, the substrate surface of
the transmissive reflection unit can be securely flattened 1n a
region irradiated with the laser beam. As a result, reflected
light (output light) with no disturbance and high uniformaity
can be obtained. Such positioning of the electrode at en end of
the semiconductor substrate 1s particularly preferred when
the semiconductor substrate 1s an n-type. Further, the concen-
tration of an n-type impurity to be mntroduced to make the
semiconductor substrate n-type can be easily increased as
compared with a p-type impurity. Therefore, even when an
clectrode 1s disposed at an end, current spreading resistance
can be suppressed to a low level, and the driving voltage need
not be increased. Thus, the power consumption can be sup-
pressed.

The first electrode and an electrode pad thereof can be
provided at each of the four comers of the second surface
(back side) of the semiconductor substrate. In this case, a high
concentration ol impurity can be introduced into the n-type
(first conductivity type) semiconductor substrate, thereby
decreasing the current spreading resistance of the semicon-
ductor substrate and thus preventing an increase 1n the driving
voltage. The semiconductor photodiode 1s also a vertical type
photodiode.

The first electrode can be provided 1n a ring form, and an
clectrode pad can be provided at any position of the ring
clectrode. In this case, an increase in the current spreading
resistance of the semiconductor substrate can be prevented,
and wire bonding may be provided at only one position,
thereby decreasing the manufacturing cost. The semiconduc-
tor photodiode 1s also a vertical type photodiode.

The first electrode may be formed 1n a layer using a mate-
rial having a transmittance ol 60% or more for light at a
wavelength of 1000 nm to 1700 nm, and the transmissive
reflection unit may be provided on the layer electrode. In this
case, an increase in current spreading resistance can be pre-
vented. In addition, the electrode can be formed 1n a region
irradiated with the laser beam, and thus the electrode area can
be 1increased, thereby suppressing an increase in driving volt-
age due to an increase 1n electrode contact resistance.
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In the semiconductor photodiode, the thickness of the
semiconductor substrate may be 100 um to 400 um, the n-type
carrier concentration in the semiconductor substrate may be
1E18/cm” to 1E19/cm’, and the long diameter of a region
irradiated with the laser beam may be 50 um to 500 um. The
long diameter represents the maximum span diameter of a
laser beam spot. In this case, the size and shape of the laser
beam are not limited, and optical output can be uniformly
transmitted as reflected light to the optical fiber side. Within
the above-described size range, the current spreading resis-
tance 1s not increased due to a high concentration of impurity
in the semiconductor substrate, and thus an increase 1n the
driving voltage can be prevented.

The angle formed by the emission direction of the laser
beam of the semiconductor laser and the transmissive retlec-
tion unit of the semiconductor photodiode may be 30° to 75°.
As the angle decreases, the sectional shape of the laser beam
applied to the photodiode or emitted to the optical fiber side
generally becomes an elliptical shape with higher flatness. In
fact, a lens 1s provided between an optical fiber and the pho-
todiode to narrow the laser beam and then emat it to the optical
fiber side. However, when the angle 1s 30° or less, the flatness,
1s excessively large to cause many errors. In addition, when
the angle 1s over 75°, the laser element and the optical fiber
cannot be disposed unless the distance from the photodiode 1s
excessively increased. It the laser element and the optical
fiber can be disposed, the entire size of the device 1s exces-
stvely increased. This 1s impractical from the viewpoint of an
operating environment.

The semiconductor photodiode of the present invention
includes the first conductivity type semiconductor layer
tormed on the first surface of the first conductivity type semi-
conductor substrate, the first conductivity type absorption
layer positioned on the first conductivity type semiconductor
layer to recerve the laser beam, the cap layer positioned on the
absorption layer, the second conductivity type region formed
in the cap layer and the absorption layer, the second electrode
in ohmic contact with the second conductivity type region 1n
the cap layer, the transmissive reflection unit positioned on
the second surface opposite to the first surface, and the first
clectrode 1in ohmic contact with the semiconductor substrate.
In this case, the photodiode 1s mounted with the epitaxial
layer side down, and the advantages of the semiconductor
light emitting device of the present invention can be exhib-
ited.

In accordance with a further embodiment of the present
invention, a semiconductor photodiode includes a first con-
ductivity type semiconductor layer disposed on a first surface

of a first conductivity type semiconductor substrate, a first
conductivity type absorption layer disposed on the first con-
ductivity type semiconductor layer to receive the laser beam,
a cap layer disposed on the absorption layer, a second con-
ductivity type region formed 1n the cap layer and the absorp-
tion layer, a second electrode 1n ohmic contact with the sec-
ond conductivity type region formed 1n the cap layer, a first
clectrode 1n ohmic contact with the first conductivity type
semiconductor layer, and a transmissive reflection unit dis-
posed on a second surface opposite to the first surface. In this
case, 1n addition to the advantage of the semiconductor pho-
todiode to be mounted with the epitaxial layer side down, the
first electrode (n-type portion electrode) 1s not disposed on
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the back side because of flip-chip mounting, and thus the wide
flat back surface (second surface) can be used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing a semiconductor light emitting,
device according to a first embodiment of the present mven-
tion;

FIG. 2 15 a sectional view of PD shown 1n FIG. 1;

FIG. 3 1s a plan view of PD shown 1n FIG. 1;

FIG. 4 1s a plan view of PD of a semiconductor light
emitting device according to a second embodiment of the
present invention;

FIG. 5 1s a plan view of PD of a semiconductor light
emitting device according to a third embodiment of the
present invention;

FIG. 6 1s a sectional view of PD of a semiconductor light
emitting device according to a fourth embodiment of the
present invention;

FIG. 7 1s a plan view of PD shown 1n FIG. 6;

FIG. 8 15 a sectional view of PD of a semiconductor light
emitting device according to a fifth embodiment of the
present invention;

FIG. 9 1s a plan view of PD shown 1n FIG. 8;

FIG. 10 1s a view showing outlines of a test method for a
semiconductor light emitting device 1n an example;

FIG. 11 1s a plan view of PD of a semiconductor light
emitting device in an example the present invention;

FIG. 12 15 a sectional view of PD of a semiconductor light
emitting device 1n a comparative example;

FIG. 13 1s a plan view of PD shown in FIG. 12;

FIG. 14 1s a plan view of PD of a semiconductor light
emitting device 1n a comparative example;

FIG. 15 1s a diagram showing an intensity distribution of
LD emitted light 1n an example of the present invention;

FIG. 16 1s a diagram showing an intensity distribution of
PD reflected light in an example of the present invention;

FIG. 17 1s a diagram showing an intensity distribution of
LD emitted light 1n a comparative example; and

FIG. 18 1s a diagram showing an intensity distribution of
PD reflected light 1n a comparative example.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

FIGS. 1 to 3 are views showing a semiconductor light
emitting device according to a first embodiment of the present
invention. Although not shown1n FIG. 1, each of a laser diode
(LD) and a photodiode (PD) 1s connected to a plurality of lead
terminals through wiring 1n order to maintain electrical con-
nection with the outside. A LD 30 and a PD 10 are mounted on
a stem 40. When a LD driving current 1s passed through the
LD 30 from the outside, a laser beam 15 1s emitted from one
of the ends of the LD 30 and applied to a reflection surface of
the PD 10 at a predetermined angle. Most of the applied laser
beam 15 1s reflected by a transmissive retlection film of the
PD 10, passes as output light 15q through a lens 51, and 1s
output to an optical fiber 50. The light transmitted through the
transmissive reflection film without being retlected 1s
received by an absorption layer in the PD 10, converted to an
clectric signal, and output as a monitor current to the outside.
The LD drniving current is controlled according to the monitor
current to control LD output and control optical output to be
introduced into the optical fiber. A reflection film (not shown
in the drawing) 1s disposed on the other end face of the LD 30
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so that substantially 100% of light can be reflected. The
wavelength of light emitted from the LD 30 1s 1200 nm.

As shown 1 FIG. 2, the PD 10 includes an n-type InP
butfer layer 2, an InGaAs absorption layer 3, and an InP cap
layer 4 which are epitaxially grown 1n that order on an InP-
type P substrate 1. The InGaAs layer 3 and the InP cap layer
4 1n a light recerving portion constitute a p-type region 8.
Further, a p-type electrode 7 1s disposed 1n a p-type region of
the InP cap layer 4, and the InP cap layer 4 is coated with a
passivation film 5. In addition, a diffusion mask pattern 6 used
for forming the p-type region 8 is iterposed between the
passivation film 5 and the InP cap layer 4.

The PD 10 1s characterized by being mounted with the
epitaxial layer side down. Namely, the PD 10 1s mounted on
the stem with wiring and a conductive adhesive layer 28
disposed below the passivation film 5 and a p-type electrode
7. Furthermore, a transmissive reflection film 21 1s disposed
on the back side of the n-type InP substrate 1 so that 1t 1s
irradiated with the laser beam 15 emitted from the LD 30.
Most of the laser beam 15 1s reflected as output light 154, and
part of the laser beam 15 1s absorbed as transmitted light 155
and converted to a current (monitor current) at a PN junction
of the absorption layer 3. In addition, an n-type portion elec-
trode 135, an electrode pad 13a thereof, and a wire 16 are
disposed on the back side of the n-type substrate 1 within a
region not 1rradiated with the laser beam 15. In this structure,
the transmissive reflection film 21 to be wrradiated with the
laser beam 13 1s disposed only on a flat portion without steps
on the substrate surface. Therefore, output light includes the
reflected light 154 reflected only from the transmissive reflec-
tion film 21 disposed on the flat surface, thereby emitting
output light without disturbance which 1s suitable for optical
communication.

The angle formed by the emission direction of the laser
beam 15a and the transmissive reflection film 21 of the semi-
conductor photodiode 1s preferably 30° to 75°. As the angle
decreases, the sectional shape of the laser beam emitted to the
optical fiber side generally becomes an elliptical shape with
higher flatness. In fact, a lens 1s provided between the optical
fiber and the photodiode to narrow the laser beam and then
emit 1t to the optical fiber side. However, when the angle 1s 30°
or less, the flatness 1s excessively large to cause many errors.
On the other hand, when the angle 1s more than 75°, the laser
clement and the optical fiber cannot be disposed unless the
distance from the photodiode 1s excessively increased. In
addition, 1f the laser element and the optical fiber can be
disposed, the entire size of the device i1s excessively
increased. This 1s impractical from the viewpoint of an oper-
ating environment.

As described above, the n-type portion electrode 135 can
be disposed at an end of the n-type InP substrate 1 because the
concentration of n-type impurity 1n the n-type InP substrate 1
can be easily increased to a relatively high value, and the
n-type InP substrate 1 has low electric resistance. Because of
the low resistance of the n-type InP substrate 1, even when the
n-type portion electrode 135 1s disposed at an end of the InP
substrate 1, current spreading resistance can be suppressed,
and thus the driving voltage need not be 1increased.

Next, a method for manufacturing the semiconductor light
emitting element will be described. The InP substrate 1 with
a thickness of, for example, 400 um, which 1s made n-type by
doping with S at SE18/cm’, is used as a semiconductor sub-
strate. Then, the InP buffer layer 2 made n-type by S1 doping
at 2E17/cm”, the InGaAs absorption layer 3 at an n-type
impurity concentration decreased to about 1E15/cm”, and the
nondoped InP cap layer 4 are provided 1n order on the InP
substrate 1. Next, Zn 1s introduced, from the outside, into the
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InP cap layer 4 and the InGaAs absorption layer 3 within a
predetermined region using the passivation mask pattern 6
formed on the InP cap layer4. Then, Zn 1s diffused to form the
p-type region 8 in a light recerving portion. The carrier con-
centration 1n the p-type region 8 of the InP cap layer 4 1s, for
example, 3E18/cm”.

Then, the p-type portion electrode 7 1s provided 1n contact
with the p-type region 8, and a portion excluding the p-type
portion electrode 7 1s coated with the protective film (passi-
vation film) 5. Then, the semiconductor substrate 1 1s
decreased 1n thickness so that the thickness of the PD 1s, for
example, 200 um. Next, the n-type portion electrode 135
composed of AuGeN1 1s provided, and the electrode pad 13a
of Au 1s provided thereon. Then, the electrode pad 13a 1s
clectrically connected to the outside through the bonding wire
16. As shown in FIGS. 2 and 3, the n-type portion electrode
135 and the electrode pad 13a provided thereon are disposed
in a portion which 1s not rradiated with the laser beam 15a.
Next, the transmissive retlection film 21 1s provided on a
region of the back side of the semiconductor substrate in
which the n-type portion electrode 1s not provided. The trans-
missive reflection film 21 includes, for example, a multilayer
film of S1 and S10,, with a reflection of 70% for light at a
wavelength of, for example, 1310 nm. Next, the PD 1s
mounted on the stem using a conductive adhesive 28 so as to
cause conduction between the p-type electrode 7 and the
stem. The p-type portion electrode 7 1s electrically connected,
through the bonding wire, to the outside with adhesive and the
stem provided therebetween.

As shown 1n FIG. 3, the n-type portion electrode can be
provided 1n a portion suiliciently apart from an 1rradiation
region A of the laser beam 15, and thus, 1n a portion irradiated
with the laser beam, the transmissive reflection film 21 1s
formed on a flat substrate surface. As a result, retlected light
from the transmissive retlection film has a normal 1ntensity
distribution, and thus light suitable for optical communica-
tion can be output.

As described above, even when the n-type portion elec-
trode 1s disposed at an end of the semiconductor substrate, the
current spreading resistance 1s not increased because the con-
centration of n-type impurity in InP can be easily increased to
decrease the specific resistance. As a result, as described
above, 1t 1s allowable to provide the n-type portion electrode
at an end of the n-type InP substrate and to form the trans-
missive reflection film on a flat portion.

Second Embodiment

FIG. 4 1s a drawing showing a photodiode PD 10 of a light
emitting device according to a second embodiment of the
present invention. The PD 10 1s characterized in that an n-type
portion electrode 136 and an electrode pad 13a for wire
bonding are provided at each of the four corners of the back
side of a semiconductor substrate 1 of the PD 10, for making
conduction between each electrode pad 13a and the outside
through a bonding wire 16. Each reference numeral 1in the
drawing denotes the same as 1n FIGS. 2 and 3. The transmis-
stve reflection film 21 can be disposed only 1n a flat region
where the n-type portion electrode 135 and the electrode pad
13a thereof are not provided. As a result, optical output with
a normal itensity distribution can be output to optical fibers.

In addition, a high concentration of n-type impurity can be
introduced 1nto semiconductor InP, thereby easily decreasing
the electric resistance. Therefore, as described above, even
when the n-type portion electrode 135 1s provided at each of
the four corners of the back side of the n-type InP substrate 1
to excessively decrease the thickness of the semiconductor
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substrate of the PD or excessively increase a laser beam
irradiation portion A of the PD, the current spreading resis-
tance does not occur 1n the n-type portion because of the low
clectric resistance, and thus optical output can be easily con-
trolled without an increase 1n the driving voltage. By provid-
ing the n-type portion electrode 135 at each of the four cor-
ners, the current spreading resistance can be more suppressed
as compared with the case 1n which the n-type portion elec-
trode 135 1s provided at one corner.

Third Embodiment

FIG. 5 1s a drawing showing a photodiode PD 10 of a light
emitting device according to a third embodiment of the
present invention. This embodiment 1s characterized 1n that
an n-type portion electrode 135 1s provided 1n a ring form to
surround a laser irradiation region A. Each reference numeral
in the drawing denotes the same as i FIGS. 2 and 3. In this
structure, 1n addition to the same eftect as that of the PD of the
second embodiment (FI1G. 4), only one electrode pad 13a may
be provided for wire bonding, thereby decreasing the cost of
wire bonding. Although FIG. 5 shows a ring shape as an
example, the shape of the n-type portion electrode 135 may a
rectangular shape or a shape broken at a position of 1ts periph-

ery.

Fourth Embodiment

FIGS. 6 and 7 are drawings showing a photodiode PD 10 of
a light emitting device according to a fourth embodiment of
the present invention. This embodiment 1s characterized in
that an n-type portion electrode 135 1s formed 1n a layer using,
a material transmitting a laser beam so as to cover the back
side of an InP substrate 1, a transmissive reflection film 21
being disposed o the n-type portion electrode 135. Each ret-
erence numeral in the drawing denotes the same as in FIGS.
2 and 3. In this structure, the n-type portion electrode 135 1s
provided 1n a wide range of the back side of the semiconduc-
tor substrate 1, and optical output can be precisely controlled
like 1n the light emitting devices of the first to third embodi-
ments.

Therelore, the contact resistance of the n-type portion elec-
trode 135 can be further decreased as compared with the PD
10 of the light emitting device of each of the first to third
embodiments. In addition, current spreading resistance can
be suppressed 1n an n-type portion (n-type semiconductor/n-
type buller layer/n-type absorption layer). Such a transparent
n-type portion electrode for light 1n a wavelength range for
optical communication can be formed using ZnO or ITO

(Indium Tin Oxide).

Fitfth Embodiment

FIGS. 8 and 9 are drawings showing a photodiode PD 10 of
a light emitting device according to a fifth embodiment of the
present invention. This embodiment 1s characterized in that
the photodiode PD 10 1s a horizontal type photodiode in
which carriers move along the surface of a semiconductor
substrate, the horizontal type photodiode being mounted with
an epitaxial layer side down, 1.e., tlip-chip mounted. The PD
of each of the first to fourth embodiments 1s a vertical type
photodiode 1n which carrier move in the thickness direction of
a semiconductor substrate. Each reference numeral 1n the
drawings denotes the same as 1n FIGS. 2 and 3. As described
above, the horizontal type element 1s mounted with an epi-
taxial layer side down (flip-chip mounted), and thus both the
n-type portion electrode 135 and the p-type portion electrode
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7 are not provided on the back side of the InP substrate 1. In
addition, the electrode pad and the bonding wire are not
disposed on the back side of the InP substrate 1.

In this structure, the transmissive reflection film 21 1s dis-
posed over the entire surface of the back side of the InP
substrate 1. Since no step 1s formed 1n the substrate surface,
the positioning accuracy of the transmissive reflection film on
the PD and the positioming accuracy of the PD and LD can be
relaxed, thereby permitting the easy manufacture of the light
emitting device.

Next, the results of a test for measuring an intensity distri-
bution (position accuracy) of output light (light retlected from
the PD) of the semiconductor light emitting device of the
present invention will be described. FIG. 10 shows outlines of
the test. A light intensity distribution was measured by a light
intensity distribution (position distribution) detector 71 for
the laser beam 15 emitted from the LD 30 and the output light
15a reflected from the PD 10. As the PD 10 used as a com-
ponent of the semiconductor light emitting device, the PD of
the first embodiment of the present invention was used (ex-
ample of the invention). For comparison, a conventional PD
was formed and subjected to the test (comparative example).
The example of the mvention and the comparative example
differ in PD and a portion due to PD, and the other portions are
the same 1n both examples.

EXAMPLE OF THE INVENTION

The PD of the semiconductor light emitting device of the
example of the invention had the structure (first embodiment)
shown 1n FIGS. 2 and 3. The PD was produced according to
the method described 1n the first embodiment. The size of a
PD chip mounted on the stem was 400 square um, and the
diameter of the n-type portion electrode on the back side of
the semiconductor substrate, 1.e., on the laser beam 1rradia-
tion side, was 100 um. On the other hand, the region A of the
LD laser beam applied to the PD was a circle having a diam-
eter of about 200 um (refer to FIG. 11). Therefore, an n-type
portion electrode can be provided on a portion suificiently
apart from the laser beam irradiation range. The transmissive
reflection film was formed on the flat substrate surface 1n a
portion 1rradiated with the laser beam.

The transmissive retlection film covering the back side of
the PD had a reflectance of about 70%. Therefore, about 70%
of the laser beam 1s reflected to optical fibers, and the remain-
ing about 30% 1s absorbed in the PD and converted to an
clectric signal to produce a monitor current.

Comparative Example

FIGS. 12 and 13 show the structure of a PD of a semicon-
ductor light emitting device of the comparative example. The
structure of PD 110 of the semiconductor light emitting
device of the comparative example will be described with
reference to the manufacture method thereof. First, an InP
substrate 101 with a thickness o1 400 um and made n-type by
S doping at SE18/cm” was prepared. Then, an InP buffer layer
102 made n-type by Si doping at 2E17/cm”, an InGaAs
absorption layer 103 with an mmpurity concentration
decreased to 1E15/cm”, and a non-doped InP cap layer 104
were provided 1in order on the InP substrate 101. Then, Zn was
diffused from the outside 1n a predetermined range of the InP
cap layer 104 and the InGaAs absorption layer 103 using a
diffusion mask pattern 106 formed on the InP cap layer 104 to
form a p-type region 108 1n a light receiving portion. The
carrier concentration in the p-type region of the InP cap layer

104 was 3E18/cm”.




US 7,745,895 B2

11

Then, a p-type portion electrode 1075 was provided at a
predetermined position, and a protective film 105a was
formed to cover a portion excluding the p-type portion elec-
trode 1075. Next, a wiring electrode 107 ¢ extending from the
p-type portion electrode 1075 to an electrode pad 107a and
the electrode pad 107a were provided. Next, the electrode pad
107a was eclectrically connected to the outside through a
bonding wire 116. Then, a transmissive retlection film 121
was provided on a portion excluding the electrode pad 107a.
The transmissive reflection film 121 was formed 1n a multi-
layer film of S1and S10,, and had a reflectance o1 70% for light
at a wavelength of 1300 nm. The thickness ofthe InP substrate
101 was decreased so that the thickness of the PD 110 was 200
um. Then, an n-type portion electrode 113 composed of
AuGeN1 was provided on the back side of the InP substrate
101.

The PD 110 produced by the above-described method was

mounted on a stem with the reflection film side (epitaxial
layer side) up using a conductive adhesive (substrate down
mounting). The n-type portion electrode 113 was electrically
connected through the bonding wire to the outside with the
adhesive and the stem provided therebetween.

The PD chip mounted as described above was 400 square
um 1n size, and the diffusion mask pattern on the epitaxial
layer side, 1.e., the laser beam irradiation side, had an open
hole circle with a diameter of 150 um. Further, the p-type
portion electrode 1075 was 100 um 1n diameter, and a region
A of a LD laser beam applied to the PD was a circular region
with a diameter of 200 um (refer to FIG. 14). Therelfore, a
laser beam 115 was applied to the transmissive reflection film
121 formed on the substrate surface having unevenness
formed by the p-type portion electrode 1075 and the open
circle of the diffusion mask pattern 106.

Test Results

With respect to the light emitting device manufactured as
described above, the itensity distribution of the laser beam
emitted from the LD and the intensity distribution of light
reflected to the optical fiber side from the PD were measured.
FIGS. 15 and 16 show the results of measurement 1n the
example of the present invention, and FIGS. 17 and 18 show
the results of measurement 1n the comparative example. As
shown 1n FIGS. 15 and 17, the mtensity distribution of light
emitted from the LD 1s substantially the same. However, 1n
the comparative example, as shown i FIG. 18, the distribu-
tion of light reflected to the optical fibers 1s greatly disturbed
and has large noise, as compared with the intensity distribu-
tion of wrradiation light. In the intensity distribution of
reflected light, an irregular portion corresponds to a position
where the edge of the open hole circle of the diffusion mask
pattern and the p-type portion electrode are positioned to
cause unevenness in the transmissive reflection film. In the
transmissive reflection film, the reflection surface 1s locally
inclined at an uneven position, or the structure of a multilayer
f1lm serving as the transmissive reflection film 1s locally dis-
turbed, and thus light 1s disturbed, not uniformly output to the
optical fiber side. In addition, when the semiconductor light
emitting device of the comparative example was applied to
optical communication, an optical output distribution and
noise were unstable, thereby greatly deteriorating the accu-
racy ol optical output control.

On the other hand, 1n the example of the mvention, as
shown 1n FIG. 16, light with an intensity distribution similar
to that of light emitted from the LD 1s reflected to the optical
fibers. This 1s due to the fact that as 1n an 1image of an optical
path shown by broken lines 1n FI1G. 2, the reflection surface 1s
substantially flat, and thus the multilayer structure of the

5

10

15

20

25

30

35

40

45

50

55

60

65

12

reflection {ilm 1s not disturbed. When the semiconductor light
emitting device of the example of the invention was applied to
optical communication, the device could be used as a light
emitting device for optical communication without a prob-
lem.

Even 1n the structure of the semiconductor light emitting
device of the comparative example, reflected light with rela-
tively small disturbance can be obtained by increasing the
size ol the p-type portion electrode and the photodiode
according to the laser irradiation range. However, 1n this case,
the distance between the p-type portion electrode to a light
receiving portion surrounded by the p-type portion electrode
1s 1ncreased, thereby increasing the electric resistance ther-
cbetween. Therefore, in some cases, the driving voltage
should be excessively increased. Furthermore, the area of the
p-type portion electrode and the distance from wiring to the
clectrode pad are increased, thereby increasing the element
capacity and causing a significant influence on the frequency
response characteristic. In the semiconductor light emitting
device of the example of the invention, stable optical output
with no noise can be obtained while avoiding the above prob-
lems.

Although the embodiments and example of the present
invention have been described above, the semiconductor light
emitting device of the present mnvention will be comprehen-
stvely described below. Namely, the semiconductor light
emitting device of the present invention includes LD and PD,
and the PD may have any structure in which 1t 1s mounted with
the epitaxial layer side down, and light emitted from the LD 1s
applied to a transmissive retlection unit positioned on the
back side of a semiconductor substrate of the PD. The trans-
missive reflection unit 1s not limited to a HR film, and any one
of various gratings, a polarization splitter, and a uniform
micro hole distributed reflective film may be used as long as
part of light emitted from the LD 1s transmitted, and remain-
ing light 1s reflected. In this case, 1n a grating, the concept of
reflection 1s not strict. For example, an incident angle and a
reflection angle need not be the same, and like diffracted light,
light may be reflected at a reflection angle different from an
incident angle. In this sense, the expression “retlection from
the transmissive reflection unit” 1s properly read as “reflec-
tion, diflraction, radiation, or dissipation from the transmis-
stve reflection unit™.

In the transmissive reflection unit, when a transmissive
reflection film (HR film) 1s used, the substrate surface has not
step, and thus light with a suitable smooth 1ntensity distribu-
tion can be reflected as a signal. Further, a transmissive reflec-
tion unit other then the transmissive reflection film, for
example, a grating, cannot be used when the substrate surface
has a step. However, such a transmissive reflection unit can be
used 1n the constitution of the present invention, and thus the
present invention has a large advantage. Therefore, 1n addi-
tion to the effect of narrowing the wavelength distribution of
optical output, the eflect of the transmissive reflection film
can also be obtained.

Although the embodiments and example of the present
invention have been described above, the embodiment and
example of the present mnvention described above are 1llus-
trative only, and the scope of the present invention i1s not
limited to these embodiments. The space ol the present inven-
tion 1s described by the claims and includes a meaning equiva-
lent to that 1n the claims and modifications within the scope of
the present invention.
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What 1s claimed 1s:

1. A semiconductor light emitting device comprising:
a semiconductor laser element emitting a laser beam:;

a semiconductor photodiode 1including a first conductivity
type semiconductor layer disposed on a first surface of a
first conductivity type semiconductor substrate, a first
conductivity type absorption layer disposed on the first
conductivity type semiconductor layer to receive the
laser beam, a cap layer disposed on the absorption layer,
a second conductivity type region formed in the cap
layer and the absorption layer, a second electrode 1n
ohmic contact with the second conductivity type region
formed 1n the cap layer, a transmissive retlection unit
disposed on a second surface of the semiconductor sub-
strate, and a first electrode 1n ohmic contact with the first
surface opposite to the second surface of the semicon-
ductor substrate; and

a stem on which the semiconductor laser element and the
semiconductor photodiode are mounted,

wherein the transmissive reflection umt icludes a trans-
missive reflection film having a reflectance of 50% to
90% for light at a wavelength of 1000 nm to 1700 nm, the
semiconductor photodiode 1s mounted with the cap layer
side down, and the transmissive retlection unit 1s 1rradi-
ated with the laser beam emitted from one end face of the
semiconductor laser element so that the laser beam
reflected by the transmissive retlection unit 1s used as
output light, and the laser beam transmitted through the
transmissive reflection unit 1s recerved by the semicon-
ductor photodiode and used for controlling the output of
the semiconductor laser element.

2. The semiconductor light emitting device according to
claim 1, wherein the semiconductor substrate 1s an InP sub-
strate, and the absorption layer 1s composed of InGaAs or

InGaAsP.

3. The semiconductor light emitting device according to
claim 1, wherein the transmissive reflection unit includes a
multilayer film of a silicon film and a silicon oxide film or an
alumina multilayer film.

4. The semiconductor light emitting device according to
claim 1, wherein in the semiconductor photodiode, the thick-
ness of the semiconductor substrate 1s 100 um to 400 um, the
n-type carrier concentration in the semiconductor substrate 1s
1E18 cm™ to 1E19 cm™, and the long diameter of a region
irradiated with the laser beam 1s 50 um to 500 um.

5. The semiconductor light emitting device according to
claim 1, wherein the angle formed by the emission direction
of the laser beam of the semiconductor laser and the trans-
missive reflection unit of the semiconductor photodiode 1s
30° to 75°.

6. A semiconductor light emitting device comprising;

a semiconductor laser element emitting a laser beam:;

a semiconductor photodiode 1including a first conductivity
type semiconductor layer disposed on a first surface of a
first conductivity type semiconductor substrate, a first
conductivity type absorption layer disposed on the first
conductivity type semiconductor layer to receive the
laser beam, a cap layer disposed on the absorption layer,
a second conductivity type region formed in the cap
layer and the absorption layer, a second electrode 1n
ohmic contact with the second conductivity type region
formed in the cap layer, a first electrode 1n ohmic contact
with the first conductivity type semiconductor layer, and
a transmissive retlection unit disposed on a second sur-
face of the semiconductor substrate; and
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a stem on which the semiconductor laser element and the
semiconductor photodiode are mounted,

wherein the transmissive retlection umt includes a trans-
missive reflection film having a reflectance of 50% to
90% for light at a wavelength of 1000 nm to 1700 nm, the
semiconductor photodiode 1s mounted with the cap layer
side down, and the transmissive retflection unit 1s 1rradi-
ated with the laser beam emitted from one end face of the
semiconductor laser element so that the laser beam
reflected by the transmissive reflection unit 1s used as
output light, and the laser beam transmitted through the
transmissive reflection unit 1s recerved by the semicon-
ductor photodiode and used for controlling the output of
the semiconductor laser element.

7. The semiconductor light emitting device according to
claim 6, wherein the semiconductor substrate 1s an InP sub-

strate, and the absorption layer 1s composed of InGaAs or
InGaAsP.

8. The semiconductor light emitting device according to
claim 6, wherein the transmissive reflection unit includes a

multilayer film of a silicon film and a silicon oxide film or an
alumina multilayer film.

9. The semiconductor light emitting device according to
claim 6, wherein 1n the semiconductor photodiode, the thick-
ness of the semiconductor substrate 1s 100 um to 400 um, the
n-type carrier concentration in the semiconductor substrate 1s
1E18 cm™ to 1E19 cm™, and the long diameter of a region
irradiated with the laser beam 1s 50 um to 500 um.

10. The semiconductor light emitting device according to
claim 6, wherein the angle formed by the emission direction
of the laser beam of the semiconductor laser and the trans-
missive reflection unit of the semiconductor photodiode 1s
30° to 75°.

11. A semiconductor photodiode comprising:

a {irst conductivity type semiconductor layer formed on a
first surface of a first conductivity type semiconductor
substrate;

a first conductivity type absorption layer positioned on the
first conductivity type semiconductor layer to receive a
laser beam:

a cap layer positioned on the absorption layer;

a second conductivity type region formed 1n the cap layer
and the absorption layer;

a second electrode 1n ohmic contact with the second con-
ductivity type region 1n the cap layer;

a transmissive retlection unit positioned on a second sur-
face of the semiconductor substrate, wherein the trans-
missive reflection unit includes a transmissive reflection

film having a reflectance of 50% to 90% for light at a
wavelength of 1000 nm to 1700 nm; and

a hirst electrode 1n ohmic contact with the first surface
opposite to the second surface of the semiconductor
substrate.

12. A semiconductor photodiode comprising:

a first conductivity type semiconductor layer disposed on a
first surface of a first conductivity type semiconductor
substrate;

a first conductivity type absorption layer disposed on the
first conductivity type semiconductor layer to recetve a
laser beam;

a cap layer disposed on the absorption layer;
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a second conductivity type region formed 1n the cap layer a transmissive reflection unit disposed on a second surface
and the absorption layer; of the semiconductor substrate, wherein the transmis-

sive reflection unit includes a transmissive reflection
film having a retlectance of 50% to 90% for light at a
5 wavelength of 1000 nm to 1700 nm.

a second electrode 1n ohmic contact with the second con-
ductivity type region formed 1n the cap layer

a first electrode 1n ohmic contact with the first conductivity
type semiconductor layer; and £ % %k ok
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